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Abstract
Precise electron microprobe analysis has been carried out on zircons of two granite bodies from the
North Delhi Fold Belt (NW India). Monazites and zircons from the country rocks (metasediments) were
also analyzed for Th, U and Pb by electron microprobe. The zircons from granites gave ages of 1.75-
1.72 Ga that have been interpreted as their emplacement age. The monazites from the country rocks
gave three prominent ages with ranges of 1.9-1.7, 1.5-1.2, 1.0-0.8 Ga, whereas the zircons gave ages
in the range of >2.0 Ga, 2.0-1.7 and 1.5-1.3 Ga. The 1.5-1.2 Ga age for the monazite and zircon
grains probably correspond to the major reworking event in the region. The new geochronologic infor-
mation on the North Delhi Fold Belt granitoids thus identifies a prominent thermal event around 1.8-
1.7 Ga, suggesting a possible correlation with the post-Aravalli events, recorded further south.
Key-words: Electron Microprobe, Zircon, North Delhi Fold Belt, Thermal event, Aravalli.
Introduction
Repeatedly reworked terranes with obscured pri-
mary features and overprinted by younger events often
inhibit a proper and systematic evaluation of the vari-
ous geological relations. In such cases, absolute ages
offer reliable constraints in modeling the regional geo-
logical evolution and drawing possible correlation with
the coeval events elsewhere. Therefore, precise age dat-
ing is necessary where such evaluation is based mainly
on geochronologic considerations. In this context, the
chemical dating by electron microprobe analyzer
(EPMA) of minerals such as zircon and monazite offers
a reliable technique (e.g., Suzuki et aI., 1991; Suzuki
and Adachi, 1991; Montel et a!., 1996), when compared
to the conventional Rb-Sr systematics which is prone
to resetting. Zircon and monazite are virtually inert to
secondary alteration processes and low - grade metamor-
phic overprints. This, together with their ubiquitous
presence in most acidic igneous rocks, lower initial Pb
concentration (as compared to radiogenic Pb) and higher
closure temperature for Pb - diffusion make them very
reliable candidates for deriving absolute ages.
We have recently initiated geochemical and
geochronologic investigation of granitoids from the
northern segment of the Proterozoic Aravalli craton in
the NW Indian shield, a terrain from which published
geochronologic information is scarce and generally rid-
dled with large errors. This contribution presents the
results of EPMA chemical dating of the hitherto unex-
plored Ajitgarh and Barodiya granitoids (Fig. I) that are
considered to intrude into the northern domain of the
rocks of Delhi Supergroup (Das, 1988). In addition to
the granitoids, monazite and zircon from the country
rocks were also examined to reveal the tectonic evolu-
tion for the terrane. The results are discussed in rela-
tion to the regional tectonic evolution and configuration
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of a pre-Rodinia supercontinent.
Geological Background
The evolution of the Precambrian Aravalli craton
in the NW Indian Shield mainly includes the develop-
ment of two NE-trending collinear accretionary fold
belts, the Aravalli and Delhi Fold Belts of presumed
Palaeo- and Mesoproterozoic ages, respectively (Gupta
et aI., 1992). These supracrustal sequences uncon-
formably overlie a basement of Archaean Banded
Gneissic Complex (-3.3 Ga; Gopalan et aI., 1990; Roy
and Kroner, 1996), but, their mutual relationship is not
properly understood. Gupta et al. (1992) has regarded
the Aravalli sedimentation as being between 2.5 and 2.0
Ga and the 1.85 Ga (Choudhary et aI., 1984) Darwal
Granite has been correlated with the first Aravalli
deformation. Based on the Pb-Pb model ages for galena
reported by Deb (1999), the lower limit of Aravalli sed-
imentation has been proposed by Sreenivas et al. (2001)
to be -2.2 Ga. The Aravalli sedimentation can thus be
bracketed between 2.2 and 1.9 Ga. The Delhi basin,
like Aravalli, also opened as ensialic rifts that subse-
quently evolved into ocean floor openings (Roy and
Kataria, 1999). These distinct volcanosedimen tary
basins evolved under discrete tectonic regimes, and were
later accreted into a single fold belt. The Delhi
Supergroup is believed to have a diachronous sedimen-
tation history, with an older northern part and younger
southern part. Based on Rb-Sr whole-rock data from
granites (presumed to be synkinematically emplaced)
that yield 1.65 -1.45 Ga and -850 Ma ages (Crawford,
1970; Choudhary et aI., 1984) for the northern and
southern segments respectively, Sinha Roy (1984) sub-
divided the Delhi Fold Belt into the North Delhi Fold
Belt (NDFB) and the South Delhi Fold Belt (SDFB).
However, some later workers (Roy and Kataria, 1999)
have contested such temporal subdivisions of the Delhi
Fold Belt. The Delhi sedimentation in the northern seg-
ment took place in three different basins, namely, the
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Fig. I Geological map of the Shahpura area showing the main lithological units (modified after Das, 1988).
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Bayana, Alwar and Khetri basins, from east to west.
Evidence for J.O Ga acidic magmatism in SDFB (Deb
et aI., 2001) and the doubts raised on the intrusive
nature of the granitoids in NDFB (Gupta and Sharma,
1998) have made these subdivisions rather untenable.
The Delhi rocks are best exposed in the Alwar
basin, further subdivided into an older Raialo Group
(carbonate and meta-basic volcanics), an intermediate
and predominantly arenaceous facies Alwar Group, and
a younger Ajabgarh Group dominated by calc-silicate
and argillaceous facies. Profuse acid magmatism in the
Alwar basin is marked by a number of variably
deformed and metamorphosed granitoid bodies at
Dadikar, Hal' ora, Bairath, Ajitgarh and Barodiya.
These granitoids are believed to be emplaced synkine-
ma6cally with the Delhi deformation. The rocks exam-
ined in the present study come mainly from the Ajitgarh
granite (27° 26': 75° 50' E), and the Barodiya granodi-
orite (27°20': 76°05') plutons, located near Shahpura
town (Fig. I). They have been described as being intru-
sive into the metasediments of the Delhi Supergroup
(Das, 1988). However, the contact relationship between
Ajitgarh granite and the sediments cannot be observed
due to sand cover, and Roy and Das (1985) regard the
deformational geometry of the host metasediments to be
the result of intrusion of the Barodiya granodiorite. Roy
and Das (1985) have also identified three events of
deformation from the region. The first deformation
(DF I) resulted in a series of isoclinal folds, which were
later refolded during second deformation (DF2), while
the third generation structures (DF3) are less pervasive
and include broad warps, gentle folds, and kink bands
on bedding and cleavages. The emplacement of the
Ajitgarh and Barodiya plutons has been said to be synk-
inematic with the DF2 deformation (Roy and Das,
1985). However, the Ajitgarh pluton does not show any
effect of deformation, as indicated by well-preserved
magmatic fabric (Pandit and Khatatneh, 1998), while the
Barodiya granodiorites show only crude foliation along
the margins of the body.
The Ajitgarh pluton is a minor composite granite
body, which includes predominant alkali granite (gray
and pink), and volumetrically subordinate leucocratic
trondhjemitic granite (Pandit and Khatatneh, 1998). The
mutual relationship of these two phases (Fig. 2) is dif-
ficult to evaluate due to weathering and debris cover.
However, some indirect evidence suggests the trond-
hjemitic granite to be relatively older. Numerous quartz
and pegmatite veins intrude both the trondhjemite and
the alkali granite. Both the phases are medium-to
coarse-grained and show hypidiomorphic texture. The
alkali granite (Fig. 3a,b) has predominant alkali feldspar
and quartz, with minor amounts of plagioclase, biotite,
hornblende and titanite. The major accessory minerals
are zircon and magnetite. Compared to the pink gran-
ite, biotite is abundant in the gray variety. An increase
in biotite abundance is noticed within the pluton from
SW to NE direction. The trondhjemitic granite (Fig.
3c) is characterized by predominant quartz and plagio-
clase, minor amounts of alkali feldspar, amphibole and
titanite. The accessory phases are mainly zircon and
magnetite.
The Barodiya pluton is massive and compact, and
shows development of a crude foliation. The pluton
crops out of monotonous sandy alluvium, and although
some workers ascribe the geometry of deformation in
the area to the granitoid emplacement (Roy and Das,
1985), no contact relations with the surrounding rocks
are exposed for evaluation of the deformational history.
The granite (Fig. 3d) is medium-to coarse-grained and
shows typical granular texture. The major mineral
phases include quartz, alkali feldspar, plagioclase, horn-
blende and biotite, along with zircon, titanite and mag-
netite as the major accessory phases.
The geochemical characters of the Ajitgarh and
Barodiya granitoids indicate A -type affinity; high abun-
dance of Si02, alkalis, high field strength elements
(HFSE) and large ion lithophile elements (LILE) and
low concentrations of MgO and CaO, high Fe/Mg and
GalAl ratios (Pandit and Khatatneh, 1998), features con-
sidered typical of A-type granites (Whalen et aI., 1987;
Eby, 1990).
EPMA Chemical Dating
The application of electron microprobe analyzer
(EPMA) to Th (D) - Pb mineral dating especially mon-
azite and zircon, appears to be a very promising tech-
nique and has been successfully explored in several pub-
lications (e.g., Suzuki et aI., 1991; Suzuki and Adachi,
1991; Montel et aI., 1996). This method has proven to
be a valuable tool for geochronologists because of its
ability to determine D, Th, and Pb concentrations in
domains that are - 2.um in size, which is smaller than
the smallest possible spot size of a sensitive high reso-
lution ion microprobe (SHRIMP) and considerably
smaller than tbe samples that are analyzed by the D-
Th -Pb isotope dilution thermal ionization mass spec-
trometric (IDTIMS) method.
Analytical technique
The theoretical basis of this study follows that of
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the chemical thorium uranium total Pb isochron method
(CHIME) described by Suzuki and Adachi (1991), and
is summarized below.
Initially, the apparent age (t) is calculated from
each set of the V02, Th02 and PbO analyses (wt %) by
solving the equation:
PbO Th02
-W=-W(exp(Amt)-lj
Pb Th
+ V02[ exp(A235t) + 138exp(A238t) 1] (1)
Wu 139
Fig. 2 Photograph showing contact relationship
between leucocratic trondhjemitic granite and
the pink alkali granite in the Ajitgarh pluton.
Where W represents the gram-molecular weight of each
oxide (WPb = 223.2, WTh = 264.04 and Wu = 270.03)
and A indicates the decay constant of each isotope
(Am = 4.9475 X lO- ll /yr, A235 = 9.8485 X lO- lo/yr
and A238 = 1.55125 X IO- IO/yr; Steiger and Jager, 1977).
b
Fig. 3 Photomicrographs showing textural attributes of the Ajitgarh granite and Barodiya granodiorite. a)
Ajitgarh gray alkali granite (open nicols); b) Ajitgarh pink alkali granite (open nicols); c) Ajitgarh
trondhjemitic granite, d) Barodiya granodiorite (open nicols). Abbreviation: hbl-hornbJende, bt-
biotite, per-perthite, kfs-Alkali feldspar, plag-plagioclase, tn-titanite (sphene), and mag-mag-
netite.
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To eliminate the effect of variations in the Th/U ratio
on total Pb produced over a given time span, the sum
of ThOz and UOz is converted into ThOz* by:
ThOz*=ThOz+ UOzWTh
Wu{exp(A232t)-1 }
x [ex P(A235t) + 138exp(A238t) 1] (2)
139
The best fit regression line is determined by the
procedure of York (1966), taking into account the uncer-
tainties in microprobe analysis, and calculating the first
approximation of age (T) from the slope (m) of the fol-
lowing equation:
T=_I_ In [1 +m x WTh] ··················· ..... (3)
,1235 WPb
PbO
and m = ThOz* ····································(4)
Following this, the second approximation is to
replace the apparent ages (t) of Eq. (2) with the first
approximation (T) and calculate the ThOz*z, and get T2
by equation (3), using the ThOz*z in place of ThOz-. The
same procedure is repeated for n times until the differ-
ence between Tn and Tn-I becomes negligible. Suzuki
and Adachi (1991) obtained both initial PbO content and
age from the regression line on the PbO-ThOz* diagram,
assuming that initial PbO is homogeneously present in
the mineral. Recent studies have shown that the initial
Pb is negligible in comparison with radiogenic Pb
(Montel et aI., 1996). Hence in this study, the ages have
been calculated assuming that initial Pb is zero.
Experimental Procedures
Representative samples of the granite as well as the
country rocks were crushed in a stainless steel mortar.
Fine fractions less than 60 mesh was selected and clay
minerals and fine-grained particles were removed by
washing in running tap water. After cleaning, the fine-
grained fraction was dried and the magnetic minerals
were removed using hand magnet. Heavy non-magnetic
minerals in the fraction were separated using methylene
iodide, with specific gravity around 3.3, and an isody-
namic separator. The collected heavy fractions, includ-
ing zircon and monazite, were mounted on a glass slide
using epoxy resin and subjected to diamond polishing.
Zircon is common in the heavy fraction from both gran-
ite samples and the country rock, whereas monazite is
restricted to the country rocks, and is scarce in the gran-
ite.
The analyses were carried out using a JEOL elec-
tron micro-probe JXL-8800 at the National Science
Museum, Tokyo. The electron microprobe is equipped
with four wavelength dispersive type spectrometers.
Major and minor elements in zircon and monazite were
usually analyzed to check their structural formula and
total concentrations. The synthetic minerals yU03 and
ThOz, and natural PbCr03 are used as standards for
measuring the weight percentage of U, Th and Pb
respectively. The operating conditions of the micro-
probe are 15 kv accelerating voltage and 2.wTl probe
diameter. Probe currents for zircon and monazite are
0.5 j.1A and 0.2 j.1A, respectively. Normally the X -ray
lines used for D, Th and Pb analysis are Ma lines. The
X - ray intensities were integrated for 200s in the Th and
U and 300s for Pb analysis, and 15-20s for other ele-
ments. The effects of Th on the U Ma peak and Y and
Th on the Pb Ma peaks were corrected by the method
of Amli and Griffin (1975). In this method the PRZ
correction is applied, instead of the Bence and Albee
method used by Suzuki and Adachi (1991).
The results of WDS analysis are more or less
affected by the analytical conditions, standard materi-
als, correction method and X - ray KLM line. Hence,
we used internal standards of monazites with 3020 Ma
and 64 Ma established by SHRIMP and K - Ar methods,
respectively, and zircons with 994 Ma (SHRIMP) and a
Quaternary zircon.
Results and Discussion
We analyzed zircons from Ajitgarh (alkali granite
and trondhjemitic granite) and the Barodiya granodior-
ite as well as monazites from the country rocks.
Monazite, the better suited mineral to attempt EPMA
dating, unfortunately, does not occur in the studied
granitic rocks; however, accessory abundances of
hydrous thorite, and other REE minerals are present.
Back scattered electron (BSE) images were used for
evaluating and understanding the internal structure of
zircons. The zircons studied here are mainly euhedral
in shape and show compositional zoning. Some of the
zircons (Fig. 4) present in these plutons exhibit frac-
tures, while in some the U -rich portions have under-
gone metamictisation. Zircons with well-developed
magmatic zoning were selected for the analysis.
Although it is difficult to analyze zircons for U - Th -
Pb due to very low Pb concentration, some grains do
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Fig. 4 Back Scattered Electron (SSE) images of zircons from the Ajitgarh and Barodiya plutons. Most of the
zircons show compositional zoning, while some zircons are highly metamictized.
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contain measurable Pb, as well as Th and U. The Th -
U - Pb system in zircon can be occasionally disrupted
by partial Pb loss, however, a linear array on the PbO-
ThO/ diagram precludes such a possibility in the pres-
ent case and points toward a closed system behavior
(e.g., Krogh, 1982).
In the Ajitgarh granite, analysis of euhedral zircons
from the trondhjemite phase yielded 1.725 ± 0.013 Ga
and the zircons from the pink and gray alkali granite
yielded closely comparable 1.719 ± 0.013 Ga and
1.741 ± 0.015 Ga, respectively. The data points of each
sample are linearly arrayed on the PbO-ThO/ diagram
(Fig. 5). The zircons from the Barodiya granodiorite
are also arrayed linearly on the PbO-ThOz' diagram
(Fig. 5); they yield a slightly older age of 1.745 ± 0.011
Ga that overlaps with the older component of the
Ajitgarh granite. This implies the coeval nature of the
studied granitoids and they recorded the same age
despite diverse deformational history. The UOz, ThOz
and PbO concentrations of zircons from the Ajitgarh and
Barodiya plutons together with ThOz' and age data (in
Ga) are presented in Table AI.
Till recently, the only available geochronologic
information on granitoids from the northern Delhi Fold
Belt came from the whole rock Rb-Sr error-chron data
published by Choudhary et at. (1984). Although they
did not include the Barodiya granodiorite and the
Ajitgarh granite, based on their presumption that all the
granitoids in this region are coeval, the Ajitgarh gran-
ites were bracketed with 1.65 -1.45 Ga granitoids of
NDFB. In addition, Gopalan et at. (1979) have also
reported Rb-Sr reset mineral ages of 0.85-0.70 Ga for
the Khetri granite, which probably represents a thermal
overprint of -0.85 Ga magmatism (Erinpura Granite),
seen to be widespread in the southern part of Delhi Fold
Belt. Recently, Gupta et at. (1998) has reported some
new age data on the Khetri basin granitoids. Their sin-
gle zircon z08Pbj206Pb data for felsic volcanics have
yielded 1.83 ± 0.03 Ga which has been interpreted as the
minimum age, while the whole rock Rb-Sr isochron for
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Fig. 5 Plots of PbO Vs ThOz' of various zircon grains from the Ajitgarh and Barodiya granites. The calculated ages
for each pluton is also shown.
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the Jasrapura granite yields a closely comparable 1.84 ±
0.07 Ga age. Our zircon data and those reported by
Gupta et al. (1998), thus imply a widespread magmatic
event at ca 1.8-1.7 Ga in this region. Further support
of this contention is provided by closely similar EPMA
zircon ages for other NDFB granitoids (Biju - Sekhar et
aI., 200 I). Results from these independent studies con-
verge to indicate that the granitoids in the northern sec-
tor of the Delhi Fold Belt are significantly older than
the earlier reported 1.65 -1.45 Ga (Crawford, 1970;
Chaudhary et aI., 1984). The implications of these
results will be discussed in a later section. In both the
Ajitgarh and the Barodiya plutons, the rims of some of
the zircons gave younger ages, around 1.0-0.9 Ga
(Table AI). These ages may be the manifestation of
the thermal overprint of a widespread younger event
which occurred in the South Delhi Fold Belt (Deb et
aI., 2001, Pandit et aI., 2001).
The country rocks exposed in the vicinity of gran-
itoids are micaceous quartzites, quartzites and quartz-
mica schist. Monazites from the quartz mica schist
(near Ajitgarh) and micaceous quartzites (near
Barodiya) have been analysed for chemical dating in
order to understand the evolutionary history of the area.
The ThOz, DOz and PbO concentrations of representa-
tive monazites from these country rocks are listed in
Table 2. Monazite analyses mainly indicate three pre-
dominant ages (Table A2) at 1.9-1.7, 1.5-1.2 and 1.1-
0.8 Ga. The 1.9-1.7 Ga ages shown by the detrital mon-
azites could very well represent the provenance age.
Some of the monazites from the country rock gave ages
ranging from 1.8 Ga at the core to 0.8 Ga in the rim
(Fig. 6). The ages of monazite indicate overgrowth on
the detrital grains, related to later thermal events. The
zircons in the quartzite largely yielded older ages of
>2.0, 2.0-1.7, 1.5-1.2 Ga (Table A3). The zircons
showing older ages of> 2.0 Ga are mostly well rounded
grains, implying their detrital nature. The rounded cores
of core-overgrowth grains or well-rounded grains of
these detrital zircons suggest their derivation from an
Archaean terrain through recycling. Some of the rims
of these zircons gave younger ages around 1.0 Ga.
These younger ages correspond to the well-documented
magmatic event in the SDFB.
Tectonic Implications
Most previous studies have been based on the
assumption that these granites are intrusive into the
Delhi metasediments (see Sinha Roy et aI., 1998; Roy
and Kataria, 1999 for details). In the absence of any
Fig. 6 BSE image of monazite grains from the coun-
try rocks of Shahpura area. The variation in
ages of the monazite grains is shown in the
corresponding cross section diagrams. The
scale of diagram is similar to the BSE image
(I0.um).
contact relationship with the country rocks, and the lack
of any corroborative evidence, our geochronologic
results necessitate a reinterpretation of the regional geo-
logical evolution. The new geochronological data
implicate a magmatic event> 1.7 Ga in this region, also
supported by the results on the Khetri felsic rocks
(Gupta et aI., 1998). Besides providing a refinement
and addition to the previously published ages
(Choudhary et aI., 1984), our data precludes any possi-
ble correlation between granite magmatism and defor-
mational events in the northern sector of Delhi Fold
Belt, the latter being much younger (1.45 Ga, see Roy
and Das, 1985). The Khetri and Ajitgarh - Barodiya
granitoids are presumed to be intrusive into the Delhi
metasediments. However, most of the granitoid bodies
lack any direct contact relationship with the country
rocks except to the north of Bairath town, where a mas-
sive granite body in the fringe zone shows a well-
defined intrusive relationship with the Raialo quartzites
and meta - volcanics. Simultaneous consideration of the
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recently published ages for Khetri granite (Gupta et aI.,
1998) and the geochronologic data obtained on the
Ajitgarh and Barodiya granitoids during the present
study, allows a correlation of the magmatic events in
the northern sector of the Delhi Fold Belt with the post-
Aravalli granitoids, reported from the Udaipur region.
Compared to the age of the Delhi orogeny (1.45 Ga),
the studied granitoids are significantly older and thus
can be regarded as the basement for the Delhi sedi-
mentation. The basement granitoids were co-folded
with the cover rocks and some of the observed 'intru-
sive' relationships of granite appear to have resulted by
partial remobilization during deformation events. The
1.65 -1.40 Ga Rb-Sr whole rock isochron ages reported
by Choudhary et al. (1984) for the NDFB granitoids,
may possibly represent thermal resetting during defor-
mation and peak metamorphism (Roy and Das, 1985),
rather than the true emplacement ages.
The present dataset helps to correlate the
Paleoproterozoic/Mesoproterozoic events in the NDFB
reported in this study, with analogous events in other
crustal fragments. Although the existence of the super-
continent Rodinia at ca. 1.0 Ga and Gondwana at ca.
0.5 Ga are generally accepted by now (Unrug, 1997;
Dalziel et aI., 2000; Powel et aI., 2001), the configura-
tions of pre- Rodinia supercontinents are still vague
(Rogers, 1996). The possibility of existence of a major
supercontinent during the Paleoproterozoic/
Mesoproterozoic has recently been suggested (Rogers
and Santosh, 2002). This supercontinent named
Columbia may have contained nearly all of the earth's
continental blocks at some time between 2.0 Ga and 1.5
Ga. The 1.7 -1.8 Ga acid magmatism in the North Delhi
Fold Belt assumes a wider significance as it could pro-
vide critical information in understanding the tectonics
of this supercontinent assembly and break - up. The
Grenville age (-1.0 Ga) events encountered in the Delhi
Fold Belt are a possible manifestation of the assembly
of supercontinent Rodinia. The tectonic events in the
NDFB, especially the identification of -1.75 Ga event
needs to be entertained in terms of the configuration and
dispersal of the proposed pre - Rodinia supercontinent
and global tectonic events during Paleoproterozoic to
Mesoproterozoic times.
The CHIME zircon ages of the Ajitgarh and
Barodiya granites suggest that they have been emplaced
-1.72 Ga, which is significantly older than the previ-
ously reported ages. The A - type geochemical charac-
teristics of the Ajitgarh and Barodiya granite argue
against their being syn-tectonic. As the A-type gran-
ites can be generated in diverse tectonic settings, more
evidence is necessary to conclude whether the granitoids
can be correlated with the relaxation following the com-
pressive regime during Aravalli folding or indicate ini-
tiation of rifting events that ultimately opened the sed-
imentary basins.
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Table AI Representative microprobe analyses of V02, Th02 and PbO of zircons
from the Ajitgarh and Barodiya granites.
D02 (wt%) Th02 (wt%) PbO (wt%) Th02' (wt%) Age (Ga)
AJ-l (Trondhjemite)
0.599 0.058 0.171 2.273 1.72
0.578 0.066 0.169 2.209 1.75
0.509 0.102 0.147 1.978 1.70
0.467 0.038 0.129 1.756 1.69
0.381 0.274 0.125 1.678 1.71
0.372 0.249 0.124 1.627 1.74
0.341 0.303 0.118 1.563 1.73
0.327 0.290 0.111 1.494 1.70
0.313 0.267 0.111 1.428 1.77
0.304 0.178 0.096 1.297 1.69
0.290 0.166 0.094 1.241 1.74
0.289 0.251 0.101 1.323 1.76
0.224 0.107 0.072 0.937 1.75
0.201 0.107 0.062 0.848 1.68
0.179 0.106 0.058 0.766 1.73
0.175 0.128 0.059 0.774 1.74
Younger ages in AJ·l
0.041 0.036 0.012 0.184 1.52
0.136 0.000 0.020 0.468 1.01
0.109 0.000 0.017 0.377 1.08
0.098 0.035 0.016 0.373 1.02
AJ-2 (Pink Granite)
0.568 0.033 0.158 2.128 1.70
0.557 0.063 0.158 2.119 1.71
0.458 0.238 0.146 1.931 1.73
0.374 0.199 0.118 1.578 1.71
0.310 0.222 0.101 1.365 1.69
0.303 0.163 0.098 1.284 1.74
0.301 0.185 0.098 1.298 1.73
0.290 0.241 0.100 1.313 1.74
0.270 0.035 0.080 1.038 1.77
0.268 0.187 0.090 1.181 1.75
0.233 0.084 0.072 0.946 1.74
0.205 0.012 0.055 0.763 1.65
0.184 0.101 0.058 0.780 1.69
0.156 0.010 0.043 0.583 1.69
0.125 0.080 0.040 0.540 1.70
0.116 0.075 0.037 0.503 1.70
0.108 0.092 0.037 0.489 1.73
Younger ages in AJ-2
0.188 0.021 0.040 0.690 1.33
0.183 0.000 0.023 0.624 0.88
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AJ-3 (Grey granite)
0.548 0.705 0.212 2.739 1.77
0.462 0.562 0.170 2.268 1.71
0.402 0.398 0.147 1.893 1.78
0.292 0.278 0.103 1.357 1.74
0.280 0.016 0.079 1.049 1.72
0.279 0.218 0.094 1.250 1.72
0.249 0.182 0.085 1.107 1.76
0.232 0.173 0.080 1.035 1.76
0.231 0.092 0.065 0.934 1.61
0.225 0.148 0.077 0.986 1.79
0.223 0.010 0.065 0.837 1.77
0.223 0.018 0.063 0.839 1.71
0.215 0.041 0.067 0.843 1.81
0.208 0.280 0.079 1.048 1.73
0.147 0.000 0.040 0.541 1.69
0.138 0.110 0.048 0.622 1.75
Younger ages in AJ-3
0.407 0.028 0.085 1.474 1.33
0.152 0.000 0.024 0.526 1.05
Barodiya
0.352 0.555 0.140 1.857 1.73
0.316 0.210 0.105 1.382 1.75
0.274 0.108 0.088 1.128 1.79
0.272 0.606 0.124 1.614 1.75
0.260 0.125 0.080 1.081 1.69
0.233 0.403 0.101 1.273 1.81
0.218 0.357 0.092 1.171 1.80
0.182 0.033 0.055 0.709 1.77
0.180 0.042 0.053 0.707 1.72
0.162 0.044 0.048 0.642 1.72
0.146 0.104 0.049 0.646 1.74
0.122 0.142 0.046 0.596 1.78
0.117 0.018 0.035 0.451 1.76
0.113 0.019 0.032 0.437 1.69
0.105 0.053 0.034 0.441 1.77
0.103 0.090 0.035 0.469 1.73
0.100 0.015 0.029 0.384 1.74
Younger ages in Barodiya
0.147 0.008 0.025 0.51 1.13
0.106 0.000 0.014 0.362 0.89
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Table A2 Representative microprobe analyses of U02, Th02 and PbO of mon-
azites from the country rocks.
U02 (wt%) Th02 (wt%) PbO (wt%) Th02* (wt%) Age (Ga)
Quartz Mica Schist (Ajitgarh)
0.103 6.050 0.499 6.431 1.87
0.147 6.300 0.524 6.843 1.85
0.031 4.630 0.339 4.745 1.73
0.022 5.550 0.391 5.629 1.68
0.048 6.620 0.468 6.793 1.67
0.303 22.260 1.307 23.331 1.37
0.254 13.970 0.828 14.868 1.36
0.283 12.660 0.757 13.659 1.35
0.276 12.600 0.745 13.575 1.34
0.315 12.660 0.750 13.769 1.33
0.292 10.980 0.651 12.008 1.32
0.263 11.390 0.658 12.316 1.31
0.260 10.780 0.619 11.695 1.30
0.259 12.620 0.704 13.528 1.27
0.307 14.590 0.810 15.668 1.26
0.262 12.410 0.658 13.323 1.21
0.274 6.840 0.377 7.796 1.19
0.193 9.990 0.472 10.658 1.09
0.248 12.150 0.568 13.005 1.07
0.297 11.960 0.531 12.979 1.01
0.241 11.400 0.496 12.226 1.00
0.236 11.270 0.477 12.079 0.97
0.283 11.810 0.491 12.777 0.95
0.242 11.170 0.451 11.996 0.93
0.292 7.030 0.281 8.021 0.87
Micaceous Quartzite (Barodiya)
0.094 4.290 0.359 4.639 1.87
0.144 6.510 0.543 7.043 1.86
0.083 4.630 0.376 4.939 1.84
0.084 3.830 0.315 4.140 1.83
0.085 4.340 0.352 4.656 1.82
0.134 6.350 0.513 6.846 1.81
1.033 7.040 0.810 10.851 1.80
0.089 4.040 0.323 4.367 1.79
0.168 7.120 0.570 7.737 1.78
0.180 7.870 0.623 8.530 1.76
0.223 8.270 0.655 9.089 1.74
0.071 5.880 0.374 6.135 1.48
0.030 3.200 0.197 3.308 1.45
0.055 6.150 0.341 6.343 1.31
0.104 3.520 0.205 3.887 1.29
0.201 7.130 0.369 7.830 1.16
0.066 6.560 0.315 6.790 1.14
0.174 7.410 0.365 8.011 1.12
0.057 2.350 0.107 2.547 1.03
0.083 2.860 0.112 3.142 0.88
0.112 8.200 0.300 8.581 0.86
0.210 9.950 0.369 10.663 0.85
0.180 9.310 0.338 9.920 0.84
0.265 9.250 0.343 10.147 0.83
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Table A3 Representative microprobe analyses of U02, Th02 and PbO of zircons
from the country rocks.
U02 (wt%) Th02 (wt%) PbO (wt%) Th02' (wt%) Age (Ga)
Micaceous Quartzite (Barodiya)
0.101 0.045 0.057 0.469 2.73
0.095 0.045 0.053 0.440 2.67
0.092 0.038 0.047 0.415 2.55
0.178 0.007 0.083 0.734 2.54
0.098 0.067 0.050 0.463 2.45
0.091 0.066 0.044 0.429 2.34
0.107 0.041 0.045 0.459 2.22
0.112 0.032 0.044 0.467 2.15
0.172 0.000 0.061 0.663 2.09
0.197 0.119 0.079 0.874 2.06
0.158 0.000 0.054 0.605 2.04
0.187 0.105 0.073 0.820 2.02
0.121 0.000 0.041 0.461 2.00
0.112 0.043 0.041 0.469 1.98
0.146 0.000 0.048 0.554 1.97
0.178 0.000 0.057 0.673 1.93
0.188 0.007 0.060 0.716 1.92
0.163 0.012 0.052 0.625 1.90
0.147 0.000 0.046 0.553 1.88
0.ll7 0.000 0.036 0.439 1.86
0.106 0.021 0.034 0.420 1.85
0.150 0.000 0.045 0.562 1.84
0.161 0.010 0.049 0.611 1.83
0.160 0.028 0.049 0.625 1.79
0.125 0.000 0.036 0.464 1.76
0.091 0.064 0.030 0.402 1.74
0.277 0.024 0.077 1.045 1.69
0.119 0.013 0.033 0.449 1.67
0.108 0.012 0.029 0.407 1.65
0.069 0.017 0.018 0.265 1.53
0.044 0.017 0.011 0.l73 1.43
0.051 0.031 0.013 0.214 1.39
0.119 0.020 0.018 0.431 0.99
